This study was an investigation of the antimetastatic activity of amentoflavone using B16F-10 melanoma-induced experimental lung metastasis in C57BL/6 mice. Amentoflavone treatment significantly reduced tumor nodule formation accompanied by reduced lung collagen hydroxyproline, hexosamine, and uronic acid levels. Serum sialic acid and γ γglutamyl transpeptidase levels were also significantly inhibited after amentoflavone treatment. Amentoflavone treatment up-regulated the lung tissue inhibitor of metalloprotease-1 and tissue inhibitor of metalloprotease-2 expression. The cytokine profile and growth factors such as interleukin-1β β, interleukin-6, tumor necrosis factor-α α, granulocyte monocytecolony stimulating factor, vascular endothelial growth factor, interleukin-2, and tissue inhibitor of metalloprotease-1 in the serum of these animals were markedly altered after amentoflavone treatment. This altered level of cytokines after amentoflavone treatment was also accompanied by enhanced natural killer cell antibody-dependent cellular cytotoxicity. The study reveals that amentoflavone treatment could alter proinflammatory cytokine production and could inhibit the activation and nuclear translocation of p65, p50, c-Rel subunits of nuclear factor-κ κB, and other transcription factors such as c-fos, activated transcription factor-2, and cyclic adenosine monophosphate response element-binding protein in B16F-10 melanoma cells.
The major clinical challenge for cancer therapy remains the eradication (or prevention) of metastatic disease. Metastasis is not a passive process but involves strict up-regulations and down-regulations in the expression of specific genes. Tumor cells, after detaching from the primary tumor, enter the blood vessels or lymphatics, circulate in the body fluids, and form a new colony at a distant site. 1, 2 In the majority of patients, metastasis may well have occurred by the time of diagnosis of primary malignant neoplasms. 3 By the time of diagnosis, primary tumors and metastases consist of multiple subpopulations of cells exhibiting a wide range of biological heterogeneity in such parameters as cell surface properties, antigenicity, immunogenicity, karyotype, sensitivity to various cytotoxic drugs, and the ability to invade and metastasize. 2 Several inflammatory cytokines have been linked with tumorigenesis, which suggests that inflammation is associated with cancer development. 4 Numerous studies have indicated that tumor cells exhibit an elevation in constitutive production of the proinflammatory cytokines tumor necrosis factor (TNF)-α, interleukin (IL)-1β, IL-6, and granulocyte monocytecolony stimulating factor (GM-CSF). The basis for constitutive expression of these cytokines after tumor progression in vivo is unknown. Regulation of the expression of these proinflammatory cytokines involves the transcription factor nuclear factor (NF)-κβ, which can be activated by cytokines such as TNF-α. The host environment promotes the constitutive activation of NF-κβ and proinflammatory cytokine expression during metastatic tumor progression of murine squamous cell carcinoma. 5 These transcription factors play an important role in cellular transformation either by providing continued positive growth stimuli such as that mediated by cytokines or by inhibiting apoptotic pathways. [6] [7] [8] Chemotherapeutic drugs for the treatment of malignancy have deleterious side effects, which include neurotoxicity, nephrotoxicity, acute cochlear ototoxicity, peripheral neuropathy, and cytopenia. 9 Highly malignant tumor cell subpopulations are often resistant to chemotherapeutic and cytoreductive anticancer drugs. All standard combinations for metastasis therapy have a low efficiency and low response rate. 10, 11 The successful therapy of metastasis will have to include new agents to overcome the development of resistance to therapy. It will therefore be necessary to develop a second generation of drugs that are equally effective and less toxic.
The use of traditional medicines that have fewer side effects may provide a solution. Although various complementary and conventional treatment strategies have been incorporated into oncology practice, the relevant molecular mechanisms and biology behind these integrative approaches are still under investigation. In our laboratory, interesting studies have been carried out using sulforaphane, an isothiocyanate present in broccoli, for which we have reported antimetastatic activity. 12 We have also previously shown that metastasis is inhibited by polyphenolic compounds such as piperine, curcumin, and catechin. 13, 14 Amentoflavone is the active phenolic component of Biophytum sensitivum and Selaginella species. B sensitivum (L.) DC (Oxalidaceae) is an important plant used in indigenous Indian medicines for diabetes and inflammation. 15, 16 Amentoflavone is an inhibitor of cathepsin B, a member of the papain superfamily of cysteine proteases involved in the pathology of numerous diseases, including cancer. 17 Experiments in A549 cells showed that amentoflavone could inhibit the degradation of inhibitory α subunit of NF-αB and NF-κB translocation into the nucleus. 18 Amentoflavone suppressed prostaglandin E 2 biosynthesis by down-regulating cyclooxygenase (COX)-2/inducible nitric oxide synthase expression. 19 The present study evaluates the antimetastatic effect of amentoflavone and also assesses the inhibitory effect of amentoflavone on the activation and nuclear translocation of NF-κB, activated protein (AP)-1, and cyclic adenosine monophosphate (AMP) response element-binding protein (CREB) in B16F-10 melanoma cells.
Materials and Methods
Animals C57BL/6 mice were purchased from the National Institute of Nutrition (Hyderabad, India). The animals were maintained in ventilated cages, fed with normal mouse chow (Sai Feeds, Mumbai, India), and given water ad libitum. All the animal experiments were performed according to the rules and regulations of the Animal Ethics Committee, Government of India.
Chemicals
We purchased 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), hydroxyproline, and glucuronic acid lactone from Sigma Chemical (St Louis, Mo). N-acetyl neuraminic acid and papain were obtained from Sisco Research Laboratory (Mumbai, India). Dulbecco's modified Eagle's medium (DMEM) was purchased from Himedia (Mumbai, India).
Radioactive chromium (Na 2 51 CrO 4 ) was purchased from BRIT (Mumbai, India). All other reagents were of analytical reagent grade.
Cells
The B16F-10 melanoma cell line and K562 human leukemic cell line were purchased from the National Center for Cell Sciences, (Pune, India). The cells were maintained in DMEM supplemented with 10% fetal calf serum (FCS) and antibiotics. Sheep red blood cells (SRBC) were freshly collected in Alsever's solution.
Enzyme-Linked Immunosorbent Assay (ELISA) Kit
Highly specific quantitative sandwich ELISA kits for mouse IL-1β, IL-6, TNF-α, GM-CSF, and IL-2 were purchased from Pierce Biotechnology (Rockford, Ill), and ELISA kits for vascular endothelial growth factor (VEGF) and tissue inhibitor of metalloprotease (TIMP)-1 were purchased from R&D Systems (Minneapolis, Minn). Cells for complementary DNA (cDNA) II kit™ were purchased from Ambion (Foster City, Calif).
Isolation of Amentoflavone
Amentoflavone (Figure 1 ), the major component of B sensitivum, was isolated as explained previously. 19 B sensitivum was collected from the Thrissur district. A voucher specimen with number Ox-07 was deposited at the herbarium of the Amala Cancer Research Center, Amala Nagar, Kerala, India, after authentication. Briefly, the whole plant material was dried, powdered, and extracted successively with petroleum ether (60°-80°C), chloroform, and methanol respectively using a Soxhlet apparatus. The methanolic extract was concentrated and stirred with ethyl acetate (4 × 30 mL), and the filtrate was concentrated under reduced pressure. The filtrate was then passed through a silica gel column (70-230 mesh) using chloroform-methanol gradient. The eluates were further purified by preparative thin layer chromatography and crystallized from absolute alcohol. The crystals were collected by filtration and purified by recrystallization. The isolated amentoflavone was compared with an authentic sample by thin layer chromatography. The physical and chemical data including ultraviolet, infrared, 1 H nuclear magnetic resonance, carbon-13 nuclear magnetic resonance spectroscopy, heteronuclear single quantum correlation, heteronuclear multiple bond correlation, and high-resolution mass spectrum of amentoflavone were identical with the result published in a previous report. 20
Drug Administration
Amentoflavone was suspended in 0.1% gum acacia to the desired concentration (50 mg/kg body weight/ dose) and administered (intraperitoneally) simultaneously with tumor inoculation. The drug was continued for 10 consecutive days.
Determination of the Effect of Amentoflavone on the Inhibition of Tumor Cell Growth
B16F-10 melanoma cells (5000 cells/well) were plated in a 96-well flat-bottom titer plate and incubated at 37°C in 5% CO 2 atmosphere. After 24 hours, escalating concentrations of amentoflavone (10-100 µg/mL) were added, and the incubation was continued for 48 hours under the same conditions. Cell viability was determined by the MTT assay.
Determination of the Effect of Amentoflavone on Lung Tumor Nodule Formation
C57BL/6 mice weighing 20 to 25 g were separated into 2 groups (14 mice/group) for the experiment. Metastasis was induced in all the animals by injecting them with B16F-10 melanoma cells (10 6 cells/animal) via the lateral tail vein. 21 One group was treated with amentoflavone as explained above, and the other was kept as an untreated control. Eight animals from each group were sacrificed after 21 days of tumor induction, their lungs were excised, and the number of lung tumor colonies was counted.
The lungs were used to estimate the lung collagen hydroxyproline content, lung uronic acid, lung hexosamine, [22] [23] [24] [25] [26] and expression levels of TIMP-1 and TIMP-2 and were also used for histopathologic analysis. Blood was collected by heart puncture, and the serum was separated and used to estimate serum sialic acid and γ-glutamyl transpeptidase level. 27, 28 
Determination of the Effect of Amentoflavone on the Survival Rate of Metastatic Tumor-Bearing Animals
Six animals from each group of the previous experiment were observed for their survival rate, and the percentage increase in life span (ILS) was calculated using the following formula: % ILS = T -C/C × 100, where T represents the number of survival days of the treated animals, and C represents the number of survival days of the control animals.
Determination of the Effect of Amentoflavone on the Inhibition of Biochemical Parameters Such as Lung Collagen Hydroxyproline, Lung Uronic Acid Content, and Lung Hexosamine Content
Lung collagen hydroxyproline was determined by the method of Bergman and Loxely. 22 The lungs were homogenized, protein precipitated with trichloroacetic acid, and hydrolyzed using 6N HCl. The hydrolysate was evaporated to dryness, and the residue was dissolved in water and used for assay by chloramine-T method. A standard graph was plotted using hydroxyproline standard.
The uronic acid content present in the lungs was estimated by the method of Bitter and Mair. 23 The lungs were digested with crude papain and hydrolyzed. 24 The hydrolysate was treated with sulfuric acid. The uronic acid level was estimated in the presence of carbazole reagent at 530 nm. A standard graph was plotted using glucuronic acid lactone.
The hexosamine content in the lung tissue was estimated by the method of Elson and Morgan. 25 Lyophilized tissue samples were hydrolyzed with 2N HCl, and the hydrolysate was evaporated to dryness. The residue was dissolved in water and treated with 2% acetyl acetone. Hexosamine was estimated in the presence of Ehrlich's reagent. 26 A standard graph was plotted by using glucosamine standard.
Determination of the Effect of Amentoflavone on the Inhibition of Serum Sialic Acid and Serum γ γ-Glutamyl Transpeptidase (GGT) Level
Protein-bound serum sialic acid levels were estimated by thiobarbituric acid assay. 27 The serum was hydrolyzed using 0.2 N sulfuric acid. The hydrolysate was oxidized with periodic acid and incubated at 37°C for 30 seconds. After oxidation was terminated using sodium arsenate, 6% thiobarbituric acid was added. Sialic acid was estimated at 549 nm with reference to 632 nm after adding dimethyl sulfoxide. Sialic acid content was determined from the standard graph plotted using n-acetyl neuraminic acid.
GGT levels were estimated by measuring the release of p-nitroaniline from γ-glutamyl p-nitroanilide in the presence of an acceptor (glycyl glycine). 28 The GGT content was determined from the graph plotted using p-nitroaniline standard.
Determination of the Effect of Amentoflavone on the Gene Expression Level of TIMP-1 and TIMP-2
Total RNA was extracted from the lungs, and cDNA was synthesized, using Moloney murine leukemia virus reverse transcriptase. Polymerase chain reaction (PCR) was performed using specific primers of
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TIMP-1 and TIMP-2 ( Table 1) . PCR products were analyzed by agarose gel electrophoresis and photographed under ultraviolet light after staining with ethidium bromide.
Histopathologic Studies
Lung tissue was fixed in 10% formaldehyde, dehydrated, and embedded in paraffin wax. Sections (4 µm) were stained with eosin and hematoxylin.
Determination of the Effect of Amentoflavone on the Serum Cytokine Level
Blood was collected from each animal on the 7th and 21st days after B16F-10 induction. Serum was separated and used for the estimation of various cytokines (IL-1β, TNF-α, IL-2, IL-6, and GM-CSF) and growth factors (VEGF and TIMP-1) levels using ELISA kits according to the manufacturer's protocol.
Determination of the Effect of Amentoflavone on the Natural Killer Cell (NK)-Mediated and Antibody-Dependent Cellular Cytotoxicity
NK-mediated cytotoxicity was determined by the radioactive 51 Cr-release assay as described previously. 29 C57BL/6 mice weighing 20 to 25 g were separated into 2 groups (12 per group) for the experiment. Metastasis was induced in all the animals by injecting them with B16F-10 melanoma cells (10 6 cells/animal) via the lateral tail vein. 21 One group was treated with amentoflavone as explained above, and the other was kept as an untreated control. One animal from each group was sacrificed on alternative days starting from day 1 after tumor inoculation, and their splenocytes were harvested. The splenocytes (100 µL/well) were added to 51 Cr-labeled K562 cells (1 × 10 4 cells/100 µL/well) to obtain an effector-totarget cell (E/T) ratio of 100:1 in U-bottomed 96-well plates, and the cultures were incubated for 4 hours. After the incubation, the culture supernatant (100 µL/well) was collected and monitored for radioactivity using a gamma counter. The percentage of cytotoxicity generated by NK cells was calculated from the radioactivity (counts/min) according to the following formula:
Antibody-dependent cellular cytotoxicity (ADCC) was determined by chromium release assay. 30 The splenocytes (100 µL/well) were added to 51 Cr-labeled SRBC coated with anti-SRBC antibody (1 × 10 4 cells/ 100 µL/well) to obtain an E/T ratio of 100:1 in U-bottom 96-well plates, and the cultures were incubated for 4 hours. After the incubation, the culture supernatant (100 µL/well) was collected, and the radioactivity was measured. The percentage of cytotoxicity was calculated as explained above.
Determination of the Effect of Amentoflavone on IL-1β β, IL-6, GM-CSF, and TNF-α α
Produced by B16F-10 Melanoma Cells B16F-10 melanoma cells (5 × 10 4 cells/well) were plated in 96-well flat-bottom plates and incubated at 37°C in 5% CO 2 atmosphere in DMEM with 10% FCS. After 24 hours, the cells were washed and incubated for 24 hours in serum-free medium in the presence and absence of amentoflavone (10 µg/mL). The total volume in the wells was 200 µL. The culture supernatant was collected and centrifuged, and concentrations of IL-1β, IL-6, GM-CSF, and TNF-α were determined by quantitative ELISA (Endogen, Rockford, Ill) according to the manufacturer's directions.
Preparation of Nuclear Extracts
Nuclear extracts were prepared by slightly modified previously published methods. 31 B16F-10 cells were grown in a 25-cm 2 culture flask. When the cells were becoming subconfluent, they were treated with amentoflavone (10 µg/mL) for 2 hours at 37°C in 5% CO 2 in serum-free medium. The cells were washed with phosphate buffered saline (PBS) twice and incubated with TNF-α (10 pg/mL) for 30 minutes at 37°C in 5% CO 2 . Cells were washed with PBS, dislodged with a cell scraper, and collected by centrifugation at 450 × g. The cell pellet was resuspended in cell lysis Table 1 
. Primer Sequence of TIMP-1 and TIMP-2

Mouse Gene
Primer Sequence Product Size
Forward 5′-AGACGTAGTGATCAGGGCCA-3′ 525 bp Reverse 5′-GTACCACGCGCAAGAACCAT-3′ TIMP = tissue inhibitor of metalloprotease; bp = base pairs. buffer (10 mM HEPES, pH 7.9, 1.5 mM MgCl 2 , 10 mM KCl, 1 mM phenylmethyl sulfonyl fluoride [PMSF], 1 mM dithiothreitol [DTT], 0.5% Nonidet P40, 0.1 mM EGTA) and allowed to swell on ice for 15 minutes, followed by centrifugation at 3300 × g for 15 minutes. The cell pellet was resuspended in a volume of lysis buffer equal to twice the cell pellet volume. The cell suspension slowly drew down into a syringe and ejected the contents with a single rapid stroke. Disrupted cells were incubated for 15 minutes on ice, and the disrupted cell suspension was centrifuged at 11 000 × g for 20 minutes at 4°C. The nuclear pellet was resuspended in a volume of extraction buffer (20 mM HEPES, pH 7.9, 25% glycerol, 1.5 mM MgCl 2 , 420 mM NaCl, 0.1 mM PMSF, and 1 mM DTT) and incubated on ice for 30 minutes. The nuclear suspension was centrifuged at 21 000 × g for 15 minutes at 4°C, and the supernatant was collected as nuclear extract and stored at -70°C. Protein concentrations were estimated using the standard Bradford method.
Transcription Factor Profiling
Transcription factor profiling was done with the BD Mercury™ Transfactor kit obtained from BD Biosciences (Palo Alto, Calif). This kit provided rapid, high-throughput detection of specific transcription factors, namely subunits of NF-κB such as p65, p50, c-Rel; subunits of AP-1 such as c-fos and activated transcription factor (ATF)-2; and CREB in the nuclear extract. Using an ELISA-based format, the transfactor kit detected the DNA-bound transcription factors. 32 This method is faster, easier, and more sensitive than electrophoretic mobility shift assay and does not require radioactivity.
Each transcription factor profiling kit was provided in a 96-well format with consensus DNA binding sequence. When nuclear extracts are added to the well, DNA will bind to their consensus sequences in the well. Bound transcription factors in the DNA were detected by specific primary antibodies toward NF-κB p65, NF-κB p50, NF-κB c-Rel, c-Fos, ATF-2, and CREB. A horseradish peroxidaseconjugated secondary antibody was then used to detect the bound primary antibody. The enzymatic product was measured with standard microtiter plate reader at 655 nm. Percentage inhibition was calculated by the following formula: 100 -([optical density of amentoflavone-treated/optical density of control] × 100).
Statistical Analysis
Results were expressed as mean ± standard deviation. Statistical evaluation was done by Student t test.
Results
Effect of Amentoflavone on the Inhibition of Tumor Cell Growth
Amentoflavone was found to be 100% cytotoxic to B16F-10 cells at a concentration of 100 µg/mL and nontoxic at a concentration of 10 µg/mL ( Table 2) .
Effect of Amentoflavone on Lung Tumor Nodule Formation
There was a significant reduction in lung tumor nodule formation when the animals were administered amentoflavone (94%) simultaneously with the tumor cells ( Table 3 ). The untreated control animals developed a massive number of tumor nodules on their lungs ( Figure 2 ) and were assigned an arbitrary number of 250. 21
Effect of Amentoflavone on the Survival Rate of Tumor-Bearing Animals
The effect of amentoflavone on the survival rate of metastatic tumor-bearing mice is shown in Table 3 . The metastatic tumor-bearing mice only survived up to 32 days. The drug-treated animals were still alive after termination of the experiment (90 days).
Effect of Amentoflavone on the Lung Collagen Hydroxyproline Content, Lung Uronic Acid Content, and Lung Hexosamine Content
The effect of amentoflavone on the lung collagen hydroxyproline content is shown in Table 4 . Tumorbearing animals showed an increased level of lung collagen hydroxyl-proline (23.9 µg/mg protein), which was significantly reduced in the animals treated with amentoflavone (4.8 µg/mg protein), indicating decreased metastatic lung fibrosis. The hydroxyproline content in normal animals is 0.95 µg/mg protein.
The effect of amentoflavone on the lung uronic acid content is shown in Table 4 . The uronic acid content of normal animals is 32 µg/100 mg tissue. The tumor-bearing control animals showed elevated levels of uronic acid in their lung tissue (326.5 µg/100 mg tissue), which was significantly reduced in the amentoflavone-treated animals (54.6 µg/100 mg tissue), indicating decreased lung fibrosis in drugtreated animals. The effect of amentoflavone on the lung hexosamine content is shown in Table 4 . The hexosamine content of the normal animals is 0.4 mg/100 mg lyophilized tissue. There was an increased level of lung hexosamine content in the control tumor-bearing animals (4.3 mg/100 mg lyophilized tissue) and a reduced level in the amentoflavone-treated animals (0.84 mg/ 100 mg lyophilized tissue), indicating a decreased tumor burden.
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Effect of Amentoflavone on the Serum Sialic Acid Level and GGT Level
The effect of amentoflavone on the serum sialic acid level of metastatic tumor-bearing animals is shown in Table 5 . The serum sialic acid level was drastically elevated in the control group (113 µg/mL) compared with normal animals (25.1 µg/mL). The amentoflavone-treated animals showed a significant reduction (32.6 µg/mL) in serum sialic acid content.
The effect of amentoflavone on serum GGT levels is also shown in Table 5 . The higher content of GGT in the control animals (106.2 nmol p-nitroaniline/mL serum) was significantly reduced to 38.8 nmol pnitroaniline/mL serum when the animals were simultaneously treated with amentoflavone. %ILS = percentage increase in life span. B16F-10 melanoma cells (10 6 ) were injected via the lateral tail vein. Amentoflavone was administered intraperitoneally for 10 consecutive days. Controls were treated with vehicle-gum acacia. a. Of the 14 animals in each group, 8 animals were sacrificed and the tumor nodules counted; 6 animals were kept for survival studies. *Significant compared with untreated controls, P < .001. Experimental design is as given in Table 3 . Animals were sacrificed on the 21st day, and their lungs were excised. Values are mean ± SD. *Significant compared with untreated controls, P < .001.
Effect of Amentoflavone on the TIMP-1 and TIMP-2 Gene Expression
Highly elevated expression of TIMP-1 and TIMP-2 genes was observed in the lungs of amentoflavonetreated animals when compared with untreated control animals ( Figure 3 ).
Effect of Amentoflavone on Lung Architecture
Administration of amentoflavone was found to effectively lower the elevated TNF-a level to 162.4 pg/mL. These tumor nodules were composed of polygonal tumor cells with a prominent nucleolus. Intracellular melanin deposition and a clear area of necrosis were also present. The alveolar passage could not be distinguished because of massive infiltration of neoplastic cells, which extended up to the pleura ( Figure 4B ). The lungs of the amentoflavonetreated tumor-bearing animals showed a significant reduction in tumor mass. The alveoli and pleura were tumor free, and the alveolar passage was lined with healthy ciliated, columnar epithelial cells ( Figure 4C ). The lungs of the amentoflavone-treated animals were very similar to a healthy normal lung ( Figure 4A ).
Effect of Amentoflavone on the Serum Cytokine Level
Proinflammatory cytokines such as IL-1β, IL-6, and TNF-α in the serum of metastasis-induced animals showed a varying pattern during the period of study. The normal level of IL-1β is 16 pg/mL. In metastasisinduced animals, it was elevated to 56.8 pg/mL on the 21st day after tumor challenge. Administration of amentoflavone could significantly lower this level to 34.6 pg/mL. Serum IL-6 level was found to be highly elevated to 494 pg/mL in control animals, which was significantly reduced to 275.2 pg/mL in the amentoflavone-treated animals ( Table 6 ). In control animals, TNF-α level was drastically elevated to 324 pg/mL on the 21st day after tumor challenge when compared with normal level (20 pg/mL). Administration of amentoflavone was found to effectively lower the elevated TNF-α level to 162.4 pg/mL.
Serum GM-CSF level showed an elevation in control animals (39.6 pg/mL) from the normal value of 18 pg/mL. Administration of amentoflavone was found to significantly lower the elevated level of GM-CSF to 30.12 pg/mL. The level of VEGF was found to be increased in metastasis-induced animals after 21 days of tumor induction (148 pg/mL) when compared with the normal value (16 pg/mL). When metastasis-induced animals were treated with amentoflavone, VEGF level decreased significantly to 78.6 pg/mL ( Table 6 ).
We also evaluated the levels of an immunopotentiating cytokine, IL-2 (T-cell growth factor), and a matrix metalloprotease (MMP) inhibitor, TIMP-1, of the metastasis-induced animals. The IL-2 levels in the amentoflavone-treated animals on day 21 were found to be significantly enhanced (32.2 pg/mL) compared with the control (21.2 pg/mL) as well as normal (23 pg/mL) animals ( Table 6 ). The tissue inhibitor of metalloprotease level in the serum of normal mice was 600 pg/mL, which was reduced by the induction of tumor cells to 372.2 pg/mL in the untreated control animals on day 21 after tumor induction. Amentoflavone treatment elevated the levels (806 pg/mL) of this MMP inhibitor ( Table 6 ).
Effect of Amentoflavone on NK-Mediated and Antibody-Dependent Cellular Cytotoxicity
The effect of amentoflavone on NK cell activity was estimated by the cytotoxic activity against K562 cells by 51 Cr-release assay. As seen in Table 7 , the splenocytes obtained from tumor-bearing mice administered with amentoflavone showed a higher cytotoxicity than those Experimental design is as given in Table 3 . The animals were sacrificed on the 21st day. Blood was collected, and serum was separated. Values are mean ± SD. *Significant compared with untreated controls, P < .001. Figure 3 Effect of amentoflavone on the tissue inhibitor of metalloprotease (TIMP)-1 and TIMP-2 gene expression. Experimental design is as given in Table 3 . Total RNA was extracted from the lungs, and complementary DNA was synthesized using Moloney murine leukemia virus reverse transcriptase. Polymerase chain reaction was performed using specific primers for TIMP-1 and TIMP-2. C, untreated control; T, amentoflavone treated; GAPDH, reduced glyceraldehyde-phosphate dehydrogenase.
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of the untreated tumor-bearing mice. In amentoflavonetreated tumor-bearing animals, the enhanced NK cell activity occurred much earlier (day 7) than it did in the untreated tumor-bearing animals (day 13). The effect of amentoflavone on antibody-dependent cellular cytotoxicity is shown in Table 8 . The maximum lysis occurred much earlier (day 9) in the amentoflavone-treated group compared with the untreated tumor-bearing group, with maximum lysis occurring on day 13.
Effect of Amentoflavone on IL-1β β, IL-6, GM-CSF, and TNF-α α Produced by B16F-10 Melanoma Cells
The proinflammatory cytokine level in the culture supernatant was determined by quantitative ELISA. Metastatic B16F-10 cells produced very high levels of proinflammatory cytokines. Amentoflavone at a concentration of 10 µg/mL significantly (P < .001) reduced the proinflammatory cytokine production ( Table 9 ) by the B16F-10 cells. = tumor necrosis factor; GM-CSF = granulocyte monocyte-colony stimulating factor; VEGF = vascular endothelial growth factor; TIMP = tissue inhibitor of metalloprotease. Experimental design is as given in Table 3 . Blood was collected from caudal vein on day 7 and day 21, and serum was used for the estimation of cytokine levels. Values are mean ± SD. *Significant compared with untreated controls, P < .001. Experimental design is as given in Table 3 . a. Splenocytes (effector cells) were harvested on alternative days after the injection of tumor cells and added to the 51 Cr-labeled K562 (target cells). The supernatant was counted for released radioactivity. b. The values given are at an effector/target ratio of 100:1. Experimental design is as given in Table 3 . a. Splenocytes (effector cells) were harvested on alternative days after the injection of tumor cells and added to the 51 Cr-SRBC (target cells) along with SRBC antibody. The supernatant was counted for released radioactivity. b. The values given are at an effector/target ratio of 100:1. 
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Effect of Amentoflavone on the Translocation of Transcription Factors
DNA-bound transcription factor was detected by the primary antibody. A horseradish peroxidaseconjugated secondary antibody was then used to detect the primary antibody. The enzymatic product was measured spectrophotometrically. Amentoflavone inhibited the translocation of NF-κB subunits such as p65, p50, and c-Rel. We also found that amentoflavone inhibited the nuclear translocation of c-fos, ATF-2, and CREB (Table 10 ).
Discussion
The process of cancer metastasis is multifaceted and complex, because it is dependent on the interaction of invasive tumor cells, their products, and the properties of the host, including immune response. 33, 34 Metastasis may also be controlled by immunosurveillance, and the process only succeeds when immune defenses are partially or completely abrogated. 35 Involvement of NK cells in this regard is well known. 36 Medicinal plants serve as a source of drugs throughout the world; India not only has a great diversity of these plants but also has many traditional plant-based medical practices. However, most of these medicinal plants have not been scientifically evaluated for their therapeutic efficacy and safety. Plant-derived drugs also play a prominent role in the treatment of cancer, although their efficacy and safety are unsatisfactory. These anticancer drugs include taxol, piperine, classical vincristine, and vinblastine. In the present study, we analyzed the effects of amentoflavone on the inhibition of lung metastasis induced by B16F-10 melanoma cells. The animals treated with amentoflavone showed considerable inhibition of lung metastasis: when it was administered simultaneously with tumor cells, there was a 94% inhibition of tumor nodules compared with the untreated control group. Tumor nodules are metastatic colonies of B16F-10 melanoma cells formed in the lungs, and they initiate lung fibrosis and collagen deposition. This inhibition of tumor nodules correlated with an increase in the life span of the metastatic tumor-bearing animals. The state of lung fibrosis was evaluated by estimating the lung collagen hydroxyproline content because during lung fibrosis, collagen is deposited massively in the alveolus of lungs. Fifteen to thirty percentage of collagen is hydroxyproline, 37 which results in the reduction of pulmonary function. The treatment of amentoflavone showed significant reduction in lung hydroxyproline content, indicating less incidence of lung fibrosis.
The oxidation of the primary alcohol group of aldoses of sugar derivatives in the tumor cells results in uronic acid production and leads to the formation of glucuronic acid lactone, which is an esterified form of glucuronic acid. In the presence of glucuronic acid lactone, prolyl hydroxylase enzyme converts the prohydroxyproline to hydroxyproline. Glucuronic acid lactone also activates the fiber formation during lung fibrosis. 37 Hexosamine is a significant sugar derivative present in the tumor cells. It has an important role in the synthesis of N-acetyl neuraminic acid (sialic acid), which is a component of glycolipids present on the surface of tumor cells. 37 The enhanced levels of these compounds in the control animals indicate the constructive work going on in the tissue, that is, the tumor growth. On treatment with amentoflavone, the amount of uronic acid, hydroxyproline, and hexosamines is reduced significantly. This indicates reduced tumor growth.
Tumor cells secrete glycoproteins, and shedding of gangliosides has been reported during metastasis. Sialic acid is an acylated derivative of neuraminic acid, usually occurring as a terminal component of carbohydrate chains of glycoproteins and glycolipids. The amount of sialic acid present on the surface of malignant cells correlates directly with the metastatic ability of the tumor cells. 27, 38 GGT, a marker of cellular proliferation, was increased in the serum compared with its level in normal animals. Reduced glutathione (GSH) is synthesized intracellularly, which provides energy to the tumor cells by γ-glutamyl cycle. GGT catalyzes this GSH breakdown. 37, 39 Treatment with amentoflavone could reduce the biochemical levels significantly, thereby indicating its inhibitory effect on metastasis.
More recently, some cytokines have also been implicated as putative mediators of metastasis. 40, 41 Cytokines act as soluble mediators of immune responses participating in the communication and regulation of inflammatory responses. 42 A diversity of cytokines can nonspecifically activate NK cells to express Fc receptors and/or killer-activating receptors. Interaction between target molecules and these receptors may induce antibody-dependent cellular cytotoxicity (ADCC) as well as the release of perforin, expression of Fas ligand, and up-regulation of other related apoptotic molecules. 43, 44 NK cells are major lymphocytes of innate immune response and are able to kill circulating tumor cells in vivo, and thus they participate in the defense against establishment of metastasis. 45, 46 Involvement of NK cells has been reported in the immune reaction toward B16 melanoma. 47 ADCC represents a link between the humoral and cell-mediated immunity. ADCC is affected by K cells, NK cells, and monocytes/macrophages involving polyclonal or monoclonal antibody directed against the target cells. [48] [49] [50] In the present study, NK cell and ADCC activity was shown to be increased in amentoflavone-treated normal and tumor-induced animals. The enhanced activity was much earlier than that in the nontreated control animals. In amentoflavone-treated animals, maximum lysis was observed much earlier compared with untreated controls. In these situations, the enhanced activity is limited to a short period, and the cells have little time to interact and inactivate the tumor cells. If the compound is administered simultaneously, the tumor burden will be less when the nonspecific immunity is at its peak and can inactivate the tumor cells effectively. Increasing evidence suggests that TNF-α may regulate many critical processes of tumor promotion and progression. Murine models have confirmed that TNFα is an important cytokine mediator of cancer cachexia, in addition to IL-1, IL-6, and interferon-γ. 51, 52 TNF-α plays an important role in the initiation and progression of the lung inflammatory response. TNF-α release causes polymorphonuclear neutrophil influx, vascular endothelial adhesion molecule expression, and release of inflammatory mediators from multiple pulmonary cell types. [53] [54] [55] [56] IL-1β is a pleiotropic cytokine that induces immunosuppression under different experimental conditions. 57 It easily diffuses into the tumor microenvironment, in which it induces inflammatory response and thus potentiates tumor invasiveness and metastasis by increased secretion of growth factors, angiogenesis-promoting factors, matrix metalloproteases, and adhesion molecule expression. 58 IL-1β and TNF-α mediate transcriptional induction of MMP-1, an important factor involved in the degradation of extracellular matrix. In patients with head and neck squamous carcinoma, proinflammatory cytokines such as IL-6 and GM-CSF are highly expressed. 59 IL-6 is a growth factor for hematologic malignancies and found to stimulate VEGF. 60, 61 GM-CSF has been shown to have megakaryocyte potentiating activity attributable to IL-6 and to cause thrombocytosis 62 and thereby participate in pathogenesis of metastasis. VEGF is a potent growth factor for blood vessel endothelial cells, which can facilitate migration and proliferation of endothelial cells. The production of VEGF is stimulated by various cytokines such as TNF-α, IL-1β, and IL-6. 61,63 VEGF has an important role in tissue growth and tumor development. Its expression level in tumor tissues usually is higher. Metastasis of tumor is a very important characteristic and has a key function in the process of malignant tumors, and VEGF has a crucial role in the metastasis of tumor. So, controlling VEGF production means controlling tumor metastasis. TIMP inhibits MMP activity, thereby suppressing tumor invasion and metastasis. 64 Studies in experimental mouse models have revealed that enhanced TIMP expression can decrease metastasis and inhibit angiogenesis. [65] [66] [67] NF-κB proteins have been implicated as playing a role in cellular transformation either by providing continued positive growth stimuli such as that mediated by cytokines, or through inhibition of apoptotic pathways. 68 Activated or nuclear translocated NF-κB proteins are overexpressed in malignant cancers such as colorectal cancer, breast cancer, T-cell leukemia, and pancreatic adenocarcinoma [69] [70] [71] The prototypical NF-κB is a heterodimer composed of p50 and p65 subunits, which are the most frequent components of active NF-κB. Subunit p65-containing complexes bind NF = nuclear factor. B16F-10 cells were grown in a 25-cm 2 culture flask and treated with amentoflavone (10 µg/mL) for 2 hours at 37°C in 5% CO 2 . Cells were washed with phosphate buffered saline and incubated with TNF-α (10 pg/mL) for 30 minutes at 37°C in 5% CO 2 . Nuclear extracts were prepared separately and subjected to transfactor assay. Values are mean ± SD. *Significant compared with untreated controls, P < .001.
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with high affinity to the consensus DNA sequences 5′-GGGPuNNPyPyCC-3′ (p65/p50) or 5′-GGGPuNPy PyCC-3′ (p65/c-Rel), leading to the activation of transcription. 72 Many other heterodimers like c-Rel/p52, RelB/p50, and c-Rel/p50 and homodimers such as p50/p50 and p52/p52 have also been found in different cell types, which may vary depending on the cell types and stimuli. 73 Transcription factor AP-1 consists of homodimers and heterodimers of Jun (v-Jun, c-Jun, Jun-B, and Jun-D), Fos (v-Fos, c-Fos, FosB, Fra 1, and Fra 2), or activating transcription factor (ATF-2, ATF-3, and B-ATF) proteins. 7 Similar to NF-κB, AP-1 and its components regulating gene expression have been shown to play an important role in cell proliferation, cell cycle regulation, and tumor promotion. 7, 8 Fos proteins form heteromeric dimers with members of the Jun family to generate AP-1 complexes with transcriptional activity. 74 Such transcription factors are involved in the regulation of AP-1-dependent genes and are critical for cellular processes such as cell proliferation or invasion. 75, 76 Because induction of Fos is a prerequisite for cytokine-induced metalloproteinase gene expression, higher expression of these genes may exert deleterious consequences on connective tissue integrity in inflammatory disorders and is critical to convey the invasive phenotype of tumor cells. 77, 78 Activation of AP-1 protein is required for the preneoplastic to neoplastic progression of different cancers such as prostate cancer and epithelial cancer, 41, 79 and nuclear translocation of c-Fos and ATF-2 has been reported in different cancer cells. 80, 81 CREB is a cyclic AMP response element-binding protein, which is activated through protein kinase A and mediates phosphorylation in signaling cascade; CREB binds to the cyclic AMP response element sequence and promotes the specific gene transcription. 82 In the present study, we found that amentoflavone could inhibit the activation or nuclear translocation of transcription factors such as NF-κB p65, NF-κB p50, NF-κB c-Rel, c-Fos, ATF-2, and CREB.
All the above results may explain the increase in the life span of metastatic tumor-bearing animals treated with amentoflavone. Histopathologic analysis also shows a distinct difference in the lung architecture. Our studies indicate that amentoflavone possesses very good antimetastatic qualities and could inhibit the activation of transcription factors. This inhibition may be attributable to the interference with signaling cascades, which may inhibit the expression of several proinflammatory cytokines and MMPs. Further studies have to be conducted to elucidate the mechanism of action of amentoflavone in the inhibition of cancer cell metastasis and to investigate how it can be used in cancer therapy. These data suggest that these transcription factors may be a good target for treatments designed to prevent metastasis.
